WHAT IS CLAIMED IS: 

1. A ceramic composition as a mixed conducting oxide in 
perovskite structure, said composition being expressed by the 
following general formula (1): 

{Ln 1 . a A a }{B x B' y B ff z }0 (3 . 6) ( 1 ) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe , Cr, andTGa}, B always containing Fe 
or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb , Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B' ; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg; 

0 . 8 £ a £ 1 ; 0<x; 0 < y <; 0 . 5 ; 0 <; z <; 0 . 2 ; 

0.98<;x + y+z<; 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions, 

2. A composition according to claim 1, wherein B always 
contains Fe , the molar number of Co is within the range of 0% 
to 10% of the molar number of Fe , the sum of the molar numbers 
of Cr and Ga being within the range of 0% to 20% of the total 
molar number x of B; and B" represents one or a combination of 




elements selected from the group of Zn, Li. and Mg. 

3 . A composite material comprising a porous body portion 
comprising a mixed conducting oxide, and a film portion 
including a gastight dense continuous layer of a mixed 
conducting oxide formed on said porous body portion, wherein 
at least one of said porous body portion and said dense 
continuous layer includes a ceramic composition in perovskite 
structure expressed by the following general formula (1): 

{Ln 1 . a A a }{B JC B' y B w I }0 (3 . S) (lh 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids.- 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe , Cr , and Ga, B always containing Fe 
or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti , and Zr. B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B' ; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni. Zn, Li, and Mg; 

0 . 8 ss a s; 1 ; 0<x; 0 < y £ 0 . 5 ; OjszsO.2; 

0.98 s; x + y + z s 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 

4 . A composite material comprising a porous body portion 
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comprising a mixed conducting oxide, and a film portion 
including a gastight dense continuous layer of a mixed 
conducting oxide formed on said porous body portion, wherein 
at least one of said porous body portion and said dense 
continuous layer includes a ceramic composition in perovskite 
structure expressed by the following general formula (1): 

<L»i-.A.HB x B' y B'\)Oij_ 4 -, (l) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids"; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga. B always containing Fe, 
the molar number of Co being within the range of 0% to 10% of 
the molar number of Fe, the sum of the molar numbers of Cr and 
Ga being within the range of 0% to 20% of the total molar number 
X of B ; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B' ; 

B" represents one or a combination of elements selected 
from the group of Zn, Li, and Mg; 

0 . 8 £ a £ 1 ; 0<x; 0 < y «s 0 . 5 ; 0 s; z <; 0 . 2 ; 

0.98 six + y + z £ 1.02; and 

S represents a value which is so determined as to meet 
charge neutralization conditions. 

5 . An oxygen separator including a ceramic composition as 
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a mixed conducting oxide in perovskite structure, said 
composition being expressed by the following general formula 
(1): 

{Ln 1 . <l A a }{B x B f y B%}0 (? . a> ( 1 ) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe , Cr, and Ga, B always containing Fe 
or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb , Ta, Ti, and Zr, B' always containing Nb 
or Ta, th& sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B ff represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg; 

0 • 8 £ a £ 1 ; 0<x; 0 < y <: 0 . 5 ; 0 <; z 0 . 2 ; 

0.98 £ x + y + z 1.02; and 

8 represents a value which is so determined as to meet 
charge neutralization conditions. 

6. An oxygen separator including a ceramic composition 
as a mixed conducting oxide in perovskite structure, said 
composition being expressed by the following general formula 
(1) : 

{toi.AKB s B' y B f I }0(3.ai (1) 
where Ln represents one or a combination of elements 



selected from the group of Y and lanthanoids ; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe, 
the molar number of Co being within the range of 0% to 10% of 
the molar number of Fe, the sum of the molar numbers of Cr and 
Ga being within the range of 0% to 20% of the total molar number 
x of B; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Zn, Li, and Mg; 

0.8 £ a £ 1; 0 < x; 0 < y «; 0 . 5 ; 0 <; 2 =s 0.2; 

0.98 s; x + y + z 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 

7. A chemical reactor including a ceramic composition 
as a mixed conducting oxide in perovskite structure, said 
composition being expressed by the following general formula 
(1) : 

{Ln 1 . a A a }{B x B' y B" z }0 (3 . 6) (1) 
where Ln represents one or a combination of elements 

selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 

from the group of Ba, Sr, and Ca; 




• 



B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe 
or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B' ; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg; 

0.8 * a £ 1; 0<x; 0 < y =£ 0 . 5 ; 0 <; z <; 0 . 2 ; 

0.98 <; x + y + z <; 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 

8. A chemical reactor including a ceramic composition 
as a mixed conducting oxide in perovskite structure, said 
composition being expressed by the following general formula 
(1) : 

^n 1 . a A a }{B x B' y B ,r 2 }0 ( 3. 6) ( 1 ) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids ; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe, 
the molar number of Co being within the range of 0% to 10% of 
the molar number of Fe, the sum of the molar numbers of Cr and 
Ga being within the range of 0% to 20% of the total molar number 
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X of B; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Zn, Li, and Mg; 

0 . 8 £ a £ 1 ; 0<x; 0 < y 0 . 5 ; 0 <; z <; 0 . 2 ; 

0 . 98 <; x + y + z <; 1 . 02 ; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 

^>^A composite material comprising a porous body portion 
comprising a^rw^ced condirttting oxide, and a film portion 
including a gastigir^^lT^e continuous layer of a mixed 
conducting oxide formed oo^d porous body portion, wherein 
the maximum heat treatment temper&<ure for said porous body 
portion is higher than that for said dehn^e continuous layer. 

itH. A method of producing a composite material, wherein 
a porous bo^portion comprising a mixed conducting oxide is 
sintered at a teftt^erature higher than the sintering 
temperature for a dens\continuous layer of a mixed conducting 
oxide to be formed on said parous body portion, and then a film 
portion including said dense cort^inuous layer is formed on said 
porous body portion. 

11. A composite material comprising a porous body 
portion comprising a mixed conducting oxide Z^&nd a film portion 
including a dense continuous layer of a mixed conducting oxide 
formed on said porous body portion, wherein the d^sifying 



77 



temperature for the oxide material of said porous body portion 
is \igher than that for the material of said film portion. 

NL2. A material according to claim 9 or 11, wherein the 
porositV of said porous body portion is within the range of 
20% to j 80*s. and the thickness of said dense continuous layer 
is within tfte range of 10 nm to 1 mm. 

13. A composite material comprising a porous body 
portion comprising a mixed conducting oxide, and a film portion 
including a dense isontinuous layer of a mixed conducting oxide 
formed on said porosis body portion, wherein the densifying 
temperature for the o^Lde material of said porous body portion 
is higher than that for\the material of said film portion, or 
the maximum heat treatment temperature for said porous body 
portion is higher than tha\ for said dense continuous layer, 

and \ 

said porous body portion Comprises a ceramic composition 
as a mixed conducting oxide in fxerovskite structure, said 
composition being expressed by the\f ollowing general formula 

(1) : \ 

{Ln 1 .A}tB x BX}°(3^) \ (1) 
where Ln represents one or a combination of elements 

selected from the group of Y and lanthancJ^ds ; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; \ 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always coh^aining Fe 
or Co, the sum of the molar numbers of Cr and Ga beifag within 
the range of 0% to 20% of the total molar number x q£ B; 
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IB' represents one or a combination of elements selected 
from thk group of Nb , Ta, Ti , and Zr, B' always containing Nb 
or Ta, the* sum of the molar numbers of Ti and Zr being within 
the range Vf 0% to 20% of the total molar number y of B'; 

B* represents one or a combination of elements selected 
from the grouto of Cu, Ni, Zn, Li, and Mg; 

0 . 8 <s a A 1 ; 0<x; 0<ys;0.5; 0 £ z £ 0 . 2 ; 

0*98 ^ x +\y + z <; 1.02; and 

5 represent A a value which is so determined as to meet 
charge neutralization conditions. 

14. A composite material comprising a porous body 
portion comprising a mkxed conducting oxide, and a film portion 
including a dense contiguous layer of a mixed conducting oxide 
formed on said porous body portion, wherein the densifying 
temperature for the oxide material of said porous body portion 
is higher than that for the\material of said film portion, or 
the maximum heat treatment temperature for said oxide material 
of said porous body portion isVigher than that for said dense 
continuous layer, and \ 

said porous body portion comprises a ceramic composition 
as a mixed conducting oxide in peVovskite structure, said 
composition being expressed by the following general formula 

(1): \ 

{Ln 1 _^ a HB x BVB\>0 (3 _ 6) \ (1) 

where Ln represents one or a comlknation of elements 
selected from the group of Y and lantha^oids; 

A represents one or a combination of\elements selected 
from the group of Ba, Sr, and Ca; \ 
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represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe, 
the molar number of Co being within the range of 0% to 10% of 
the molar number\pf Fe, the sum of the molar numbers of Cr and 
Ga being within the\ange of 0% to 20% of the total molar number 
X Of B; 

B' represents one o\a combination of elements selected 
from the group of Nb, Ta, T^, and Zr, B' always containing Nb 
or Ta, the sum of the molar nii^bers of Ti and Zr being within 
the range of 0% to 20% of the t>s*tal molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Zn, Li, and Mg ; 

0.8<;a<;l; 0<x; 0<yss0.5; (K^ z <; 0.2; 
0.98 =s x + y + z ... s 1. 02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions 

porous body comprising a mixed conducting oxide 
expressed by the following general formula (2): 

(2) 

where 0.9 8 s; x * 1.0 2>^ represents one or a combination 
of elements selected from the gbctup of Ba, Sr, and Ca; and 5 
represents a value which is so deteritbi.ned as to meet charge 
neutralization conditions 

T&-r^J\ composite material comprising a porous body 
portion comprisin^a^itvixed conducting oxide, and a film portion 
including a gastight dense>8Qntinuous layer of a mixed 
conducting oxide formed on said por^m^body portion, wherein 
said porous body portion comprises a porouS^ody comprising 
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a"Ttr±x^d conducting oxide expressed by the following general 
formula ( 2T>^. 

^^xO (3 . 6) (2) 
where 0,98 £ x £ 1.02>>A represents one or a combination 
of elements selected from the grbtap of Ba, Sr, and Ca; and 6 
represents a value which is so deternotrad as to meet charge 
neutralization conditions- |^ 

\fj p/' A material according to claim ^4 , wherein said 
material is made in the manner that said porous body portion 
comprising said mixed conducting oxide is sintered at a 
temperature higher than the sintering temperature for said 
dense continuous layer of said mixed conducting oxide to be 
formed on said porous body portion, and then said film portion 
including said dense continuous layer is formed on said porous 
body portion. 

TffT — A-JU^t^ria^ to claim 16, wherein said dense 

continuous layer is madToT^Hflixed conducting oxide material 
having its composition different from sard^?n?©ug^body portion* 
A method of producing a composite material which 
comprises kporous body portion including a mixed conducting 
oxide, and a fxim portion including a gastight dense continuous 
layer of a mixed c^axiducting oxide formed on said porous body 
portion, said porous o^dy portion comprising a porous body 
comprising a mixed conduct^ig oxide expressed by the following 
general formula (2) 

AFe x O (3 _ 6) \ (2) 
where 0.98 £ x £ 1.02; A repres^ts one or a combination 
of elements selected from the group of Sr, and Ca; and 5 
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>resents a value which is so determined as to meet charge 
neutrar±«^,tiori conditions , 

wherein s^ri4 porous body portion is subjected to a heat 
treatment the maximum temperature for which is within the range 
of 1200°C to 1400°C, and said den^Qpntinuous layer is subjected 
to a heat treatment the maximum temperature for which is lower 
than that for said porous body portion by 2^\or more 

A material according to claim wherein said dense 
continuous layer is made of a ceramic of a mixed conducting 
oxide having its composition expressed by the following general 
formula ( 3 ) : 

{Ln^AXB.B^O^.s, (3) 
where Ln represents one or a combination of elements 

selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 

from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 

from the group of Fe and Co; 

B' represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg; 

0.8*a£l;0<x;0sy£-0.2; 

0.98 <; x + y £'1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 
~~ ^T^^--AJnaterial acccM^king to claim 16, wherein said dense 
continuous layer^Tnfwa^^ ceramic of a mixed conducting 
oxide having its composition escpr^s^by the following general 
formula (3): ^^^^^ 
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{Ln l ..A a >{B JC B' y }0 (3 .» ) (3) 

where Ln Represents one or a combination of elements 
selected from th^v group of Y and lanthanoids; 

A represents otie or a combination of elements selected 
from the group of Ba, iSr, pnk Ca; 

B represents one or\al combination of elements selected 
from the group of Fe and Co^l 

B' represents one or a corJfoination of elements selected 
from the group of Cu, Ni, Zn, LiXand Mg; 
0.8 <; a <; 1 ; 0<x; OssyssO 
0.98 <; x + y s; 1.02; and 

6 represents a value which is so de\^rmined as to meet 
charge neutralization conditions. 

A material according to claim 14, wherein said dense 
continuou\layer is made of a ceramic of a mixed conducting 
oxide having is^s composition expressed by the following general 
formula ( 3 ) 

{Ln\A a }{B x B' y }0 (3 . 6) (3) 
where Ln represeHf s one or a combination of elements 
selected from the group df Y and lanthanoids ; 

A represents one or a Combination of elements selected 
from the group of Ba, Sr, and vja; 

B represents one or a combination of elements selected 
from the group of Fe and Co; 

B' represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg^ 
0.8 £ a £ 1; 0<x; 0 =s y s; 0.2; 
0.98 ss x + y s: 1.02; and 
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continuous layer is made of a ceramic composition as a mixed 
conducting oxide in perovskite structure, said composition 
being expressed by the following general formula (1): 

{Ln^AJtB.B'XJO^.,, (1) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids-j 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe 
or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb , Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni # Zn, Li, and Mg; 

0 . 8 £ a £ 1 ; 0<x; 0 < y <; 0 . 5 ; 0 £ z <; 0 . 2 ; 

0.98 s; x + y + z is 1.02; and 



5 represents a value which is so determined as to meet 
charge neutralization conditions. 




ting expressed by the following general formula (1): 
{Ln 1 . a A a >£B x B' y B w a }0 ( 3-a l (D 
/here Ln represents one or a combination of elements 
selecteov f rom the group of Y and lanthanoids; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of \Co, Fe, Cr, and Ga, B always containing Fe 
or Co, the sum of tnfe molar numbers of Cr and -Ga being within 
the range of 0% to 2o\ of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb , Ta, Vi, and Zr, B' always containing Nb 
or Ta, the sum of the molar Vmbers of Ti and Zr being within 
the range of 0% to 20% of theVtotal molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, Wd Mg ; 

0 . 8 £ a £ 1 ; 0 < x ; 0<y=s0.5^0<;z<;0.2; 
0.98 £X+y+Z£ 1.02; and 

5 represents a value which is so determined as to meet 
charge neutralization conditions. 

A material according to claim ml, wherein said dense 
continuous layer is made of a ceramic composition as a mixed 
conducting oxide in perovskite structure, said composition 
being expressed by the following general formula ( 1 ) : 

{Ln x _ a A a }{B x B' y B w ,}0 (3 . a) (1) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 
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from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe, Cr, and Ga, B always containing Fe , 
the molar number of Co being within the range of 0% to 10% of 
the molar number of Fe , the sum of the molar numbers of Cr and 
Ga being within the range of 0% to 20% of the total molar number 
X Of B; 

B' represents one or a combination of elements selected 
from the group of Nb , Ta, Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Zn, Li, and Mg ; 

0 . 8 £ a s 1 ; 0<x; 0 < y ss 0 . 5 ; 0 £ z <; 0 . 2 ; 

0.98 -s x + y + z s 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions. 

Qps ^4 \ A material according to claim^/, wherein said dense 
continuous layer is made of a ceramic composition as a mixed 
conducting oxide in perovskite structure, said composition 
being expressed by the following general formula (1): 

{ Ln, _ a A a } { B x B' y B \ } O ( 3 . 6) ( 1 ) 

where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids; 

A represents one or a combination of elements selected 
from the group of Ba, Sr, and Ca; 

B represents one or a combination of elements selected 
from the group of Co, Fe , Cr, and Ga, B always containing Fe 
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or Co, the sum of the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents one or a combination of elements selected 
from the group of Nb, Ta, Ti r and Zr, B' always containing Nb 
or Ta, the sum of the molar numbers of Ti and Zr being within 
the range of 0% to 20% of the total molar number y of B'; 

B" represents one or a combination of elements selected 
from the group of Cu, Ni, Zn, Li, and Mg; 

0 . 8 £ a £ 1 ; 0<x; 0 < y ss 0 . 5 ; 0 :S z * r 0 . 2 ; 

0.98^x+y+z£ 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions, 

the sum of the molar numbers of Nb and Ta for the dense 
continuous layer is smaller than that for the porous body. 

A material according to claim 2*6, wherein, in said 
formula (1) expressing said ceramic composition of said dense 
continuous layer, B always contains Fe, the molar number of 
Co is within the range of 0% to 10% of the molar number of Fe, 
and B" represents one or a combination of elements selected from 
the group of Zri, Li, and Mg. 

'^B^. A material according to claim 16, wherein said dense 
continuous lcty^r is made of a ceramic composition as a mixed 
conducting oxide ifc^j^erovskite structure, said composition 
being expressed by the f6JJ.owing general formula (1): 

{Ln 1 . a A a >{B x B' y B' ? >Q < 3- 8) (1) 
where Ln represents one or aXcombination of elements 
selected from the group of Y and lantKtooids ; 

A represents one or a combination of elements selected 
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the group of Ba, Sr, and Ca; 

represents one or a combination of elements selected 
from the g^oup of Co , Fe, Cr, and Ga, B always containing Fe 
or Co, the suhsof the molar numbers of Cr and Ga being within 
the range of 0% to 20% of the total molar number x of B; 

B' represents ohe or a combination of elements selected 
from the group of Nb, TeK Ti, and Zr, B' always containing Nb 
or Ta, the sum of the molarNrumbers of Ti and Zr being within 
the range of 0% to 20% of the N^otal molar number y of B'; 

B" represents one or a combirfration of elements selected 
from the group of Cu, Ni , Zn, Li, an& Mg; 

0.8 <; a <; 1 ; 0 < x ; 0 < y <; 0.5; 0 \£ z <; 0.2; 
0.98 <s x + y + z £ 1.02; and 

6 represents a value which is so determined as to meet 
charge neutralization conditions 





formula (1) expressing said ceramic composition of said dense 
continuous layer, B always contains Fe, the molar number of 
Co is within the range of 0% to 10% of the molar number of Fe, 
and B" represents one or a combination of elements selected from 
the group of Zn, Li, and Mg . ^ ^/ 

A material according to claim ys or L6, wherein said 
dense continuous layer is made of a ceramic of a mixed conducting 
oxide having its composition expressed by the following general 
formula ( 4 ) : 

{Ln^A^CoOo.a, (4) 
where Ln represents one or a combination of elements 
selected from the group of Y and lanthanoids; A represents one 
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or a combination of elements selected from the group of Ba, 
Sr, and Ca; 0 .8 x s l ; o. 98 s y s 1.02; and 5 represents a 
value which is so determined as to meet charge neutralization 
conditions. . 

/ Xl^/ A material according to claim or wherein said 
dense continuous layer is made of a ceramic of a mixed conducting 
oxide having its composition expressed by the following general 
formula ( 5 ) : 

A{C Ol . x Fe x } y 0 (3 . S) ( 5 ) - 

where A represents one or a combination of elements 
selected from the group of Ba, Sr, and Ca; 0 <; x s 0.2; 0.98 
* y s 1.02; and 6 represents a value which is so determined as 
to meet charge neutralization conditions. j/ 

2^^- A material according to claim ^or yt, wherein said 
dense continuous layer is made of a ceramic of a mixed conducting 
oxide having its composition expressed by the following general 
formula ( 6 ) : 

A{Co x Fe y B z }0 (3 . 6) ( 6 ) 
where A represents one or a combination of elements 
selected from the group of Ba, Sr, and Ca; B represents one 
or a combination of elements selected from the group of Cu, 
Ni, and Zn; 0 <; x; 0 =£ y; 0 s z s 0.2; 0.98 s x + y + z s 1.02; 
and 6 represents a value which is so determined as to meet charge 
neutralization conditions. 

^^--^A^naterial according to claim 13 or 16, wherein said 
dense continuous l^ri^ja^deof a ceramic of a mixed conducting 
oxide having its composition ^e^bythe following general 
formula (7): " 
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A{Co x Fe y B 2 }0 (3 . 6) (7) 
whei^ A represents one or a combination of elements 
selected frbm the group of Ba # Sr, and Ca; B represents one 
or a combination of elements selected from the group of Nb and 
Ta; 0 s; x; 0 ^ ^s; 0 < z £ 0.2; 0.98 s x + y + z. s 1.0'2; and 5 
represents a valuk which is so determined as to meet charge 
neutralization conditions. 

34. A material according , to claim 13 or 16 , wherein said 
dense continuous layer isViade of a ceramic of a mixed conducting 
oxide having its composition expressed by the following general 
formula ( 8 ) : 

A{Co x Fe y B z B' z JO ( \ 6) (8) 
where A represents one or combination of elements 
selected from the group of Ba, Sr\ and Ca; B represents one 
or a combination of elements selecteck f rom the group of Nb and 
Ta; B' represents one or a combination ofN^lements selected from 
the group of Cu, Ni , and Zn; Ossx; 0^^0<zs0.2; 0 <; z' 
=s 0 . 2 ; 0.98<sx + y+z + z';sl.02; and 5 ivepresents a value 
which is so determined as to meet charge neutralization 
conditions 

35. A composite material wherein an oxygen exchange 
layer is formed on a surface of one or either side ajc an oxide 
having oxide ion diffusivity , said layer being made oifyan oxide 
having its composition different from said oxide having oxide 
ion diffusivity. 

^JSL^T. A material according to claim ^6 , wherein said oxygen 
exchange layer comprises a dense film, a porous body, or 
island-shaped discontinuous films whose average thickness is 
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30 nm or less 

/^5>3^, A material according to'claim^5 # wherein said oxide 
having oxide ion diffusivity is formed into a thin film whose 
thickness is 300 \xm or less. 

A material accord^Tng^o claim 35 , wherein said oxygen 
exchange layer i§^ma4e of anAoxide expressed by La u Sr b . u Fe v Co c . v 0 3 . w 
where 0.1 <; u < 0.5, 0 . 9 ^<^*k<<^ 1 . 1 , 0 < v < 1.1, and 0.9 < c 
< 1.1. 



19. A material according to any of claims 3, 4, 9, 11, 
13, 14, and 20 to 29, wherein an oxygen exchange layer is formed 
on a surface of one or either side of said dense continuous 
layer, said okygen exchange layer being made of an oxide having 
its compositioii different from the oxide forming said dense 
continuous layej 

40. A materiSvl according to any of claims 3, 4, 13, 14, 
and 20 to 29, wherein\he porosity of said porous body portion 
is within the range of \o% to 80%, and the thickness of said 
dense continuous layer isv within the range of 10 (a to 1 mm. 

41. An oxygen separator including a composite material 
comprising a porous body portion comprising a mixed conducting 
oxide, and a film portion including a gastight dense continuous 
layer of a mixed conducting oxideNf ormed on said porous body 
portion, wherein the maximum heat treatment temperature for 
said porous body portion is higher ttt^n that for said dense 
continuous layer 

42. A chemical reactor including a\composite material 
comprising a porous body portion comprising V mixed conducting 
oxide , and a film portion including a gastight \ense continuous 
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TTayes^Qfa mixed conducting oxide formed on said porous body 
portion, wherelilr^lxsmaximum heat treatment temperature for 
said porous body portion islilgbei^than that for said dense 
continuous layer, ■ — 



